Nowadays, the style of living that significantly depends on consumption of resources and over consumption patterns, tremendous increase in population, urbanization and industrialization resulted into generation of huge amounts of industrial wastes. Many environmental problems are facing industrial areas, especially in developing countries, due to poor industrial hazardous waste management. In order to reduce the effect of industrial waste on the environment and to reach sustainable development, countries have developed and reinforced several environmental protection laws and regulations. Yet, the waste disposals via incineration and/or landfilling according to cradle-to-grave concept require high capital, high running costs and are seen by industries as a barrier for further industrial development. Most importantly, disposals of waste deplete natural resources causing them to be unsustainable. Hence, various concepts and strategies have been suggested to promote industrial sustainability.
Introduction
Industrialization and growth in the resource consumptions coupled with the rapid increase of population size and urbanization have placed a relentless pres-sure on the scarcity of natural resources and disposal of waste generated. All industries have been an open system of material flow. In fact, natural resources are extracted, consumed to produce goods; once these materials worn out, they are disposed of either through incineration and/or landfill. These practices not only require high capital and running costs, but also contribute to the depletion of natural resources [1] [2] [3] [4] . Since the emergence of the concept of sustainability during the United Nations Conference on Human Environment in 1972, there has been growing awareness that the natural resources are finite leading to increasing calls for development of sustainable communities [5] [6] [7] . The Publication of Brundtland Report, "Our Common Future", by the World Commission on Environmental and Development (WCED) defined sustainable development as the "development that meets the needs of the people today without compromising the ability of future generations to meet their own needs" [8] .
People realize that sustainable development cannot be achieved without the involvement of policy makers, environmentalists, society, and business community.
In order to reduce the effect of industrial waste on the environment and to reach sustainable development, countries have drafted and adopted several environmental protection laws and regulations. Yet, the waste treatment and disposal techniques and environmental protections procedures are seen by industries as a burden and a barrier to further industrial development, as they are very expensive activities. Therefore, it is crucial to develop sustainable solutions to industrial waste problem. Three main concepts have been suggested and if properly implemented, they can be used to develop a sustainable industrial community and reach zero pollution as summarized in Figure 1 . The first concept is Cleaner Production (CP) that aims to prevent waste generation at the source through waste reduction techniques, recycling and/or process modification. The second concept is Industrial Ecology (IE), of which objective is to utilize waste of one industry as the raw material of another industry. Based on IE concept, several Eco-industrial Parks (EIP) have been developed in which any waste is either reused or re-treated to reach cyclic flow of material and prevent waste generation. The third concept is Environmentally Balanced Industrial Complex (EBIC) designed to locate compatible industries close to each other that can utilize each Figure 1 . Strategies to achieve sustainable industrial community. other waste. The main advantage of adopting these concepts is to minimize and/or eliminate the cost of raw material, transportation, storage, and waste disposal and treatment. In this paper, different concepts and practices described in the literature for the development of a successful sustainable industrial community are presented. Also, this paper aims to persuade decision makers, society and entrepreneurs of the imperative need of developing a sustainable industrial community in Egypt and clarifies the challenges faced in this regard.
Cradle-to-Cradle Approach
Industry has been following a linear model known as "Cradle-to-Grave" illustrated in product. It is often cheaper to buy a new product than to repair it. Additionally, portion of material is just designed for packaging and aesthetic reasons; in other words, it becomes waste almost immediately. Although these practices help companies make a lot of profits, they encourage people to throw away a lot of material and generate a lot of waste.
The industrial sector generates different types of waste including: 1) plastics and paper used for packaging, 2) organic material from food industry, 3) dust from cement, marble and granite industries, 4) glass, 5) slag and foundry sand from smelters or foundries … Industries usually deal with these wastes via pollution control, treatment and disposal through incinerators and/or landfill. Incineration is a process in which solid waste is burnt and converted to ash. The main benefit of incineration is to considerably reduce the amount of solid waste.
Also, the solid waste and/or ash produced from incineration are usually landfilled. Landfilling process requires durable and puncture resistant material to be used as a liner, usually polyethylene, high-density polyethylene and polyvinyl chloride. It also needs coverage for the landfill, a leachate collection system, biogas collection system as well as a storm water drainage system. The main disadvantage of incineration and landfilling processes is that they require high capital, high running costs, and most importantly they deplete natural resources causing them to be unsustainable [1] . Consequently, several approaches have emerged and started to be used in industrial sector to reach sustainable development.
McDonough and Braungart proposed to shift to cradle-to-cradle where waste is used for production of other goods. This concept is based on production of goods that can be infinitely circulated in industrial cycles. McDonough and Braungart expresses their intention to move towards cradle-to-cradle approach by making the paper of their book, entitle "Cradle-To-Cradle: Remaking the way we make things", out of plastic resins and inorganic filler instead of the traditional paper made by using wood and depleting trees [9] . This synthetic paper could be reused to make paper or other products. Based on this approach, products should be made of material that can be infinitely reused while maintaining its properties. This closed loop cycle of material flow, illustrated in Figure 3 , will not only minimize the amount of waste generated and save the environment, but also ensures the continuous availability of high quality material.
Cleaner Production
In order to reach sustainability and approach zero pollution in industrial sector, the concept of Cleaner Production (CP) was developed by United Nations Environment Program (UNEP) in 1989 [10] . The aim of CP is to prevent waste generation at the source. This is achieved by applying different techniques illustrated in Figure 4 .
The first practice is to reduce waste from the source through 1) good housekeeping by optimizing process and eliminating all leakages and/or any practice that results into unnecessary losses, 2) changing production process by modifying the process itself, changing the equipment used, substituting raw material used for another one that is less harmful to the environment, and implementing robust process control to ensure continuous and efficient monitoring and main-tenance of optimum production conditions to minimize waste generation, save energy, water and raw material as well as increase process efficiency. The second method of CP is to recycle wastes material either inside the same factory to replace raw material (on-site recycling) or give waste materials to another party that recycle it and sell it to another industry (off-site recycling). The last technique is product modification, which involves changing the design of the product to use fewer raw materials and/or less energy to eliminate emissions and hazardous industrial wastes [1] [11] .
Cleaner Production Case Study in Egypt
Sila Oil Company is located in Fayoum in Egypt. This company extracts oil from oil-bearing seeds. The extraction process steps are summarized in Figure 5 .
Industrial audit of factory took place and three major problems were identified including 1) steam lines were not properly insulated causing around 34 ton/day of steam losses, 2) broken seeds and hulls were treated as waste instead of using it in the process, and 3) 2% -5% of total fuel consumption leak during the delivery and transfer in the receiving area.
Several cleaner production techniques were implemented as follows:
1) Good Housekeeping: in this case a preventive maintenance program was 2) Process Modification: the production process was modified by converting the path of the recycled sunflower seed fins from the expeller to the extraction plant. Thus, the capacity of the expeller increased.
3) Material Substitution: fatty acids were removed using solid caustic soda, which was highly corrosive. This material was replaced by caustic soda solution this technique resulted into use of less harmful material as well as decrease in cost of fatty acids removal process. Table 1 summarizes the cost/ benefit resulting from implementing CP techniques in Sila Oil Company.
In conclusion, it was found that cleaner production techniques resulted into more environmentally friendly process; better product quality as well as financial savings [2] . 
Industrial Ecology
Another approach known as "industrial ecology" came to life to reach sustainable development. The concept of industrial ecology was first defined by Frosch and Gallopoulos in 1989 as a system in which "energy and materials is optimized, waste generation is minimized, and the effluents of one process […] serve as the raw material for another" [12] . In 1994, White introduced the socio-economic aspect of industrial ecology "the study of the flows of materials and energy in industrial and consumer activities of the effects of these flows on the environment, and of the influences of economic, political, regulatory and social factors on the flow, use and transformation of resources" [13] . Later in 2006 Allenby defined industrial ecology as "a system-based, multidisciplinary discourse that seeks to understand emergent behavior of complex integrated human/natural systems" [14] . The main aim of industrial ecology is to solve environmental issues while maintaining economic growth. This concept is based on mimicking the natural ecosystem cycle in the industrial system. In the natural ecosystem, plants grow by taking energy from sunlight and nutrients from soil. These plants become the food of herbivore, which in their turn become the food for carnivore.
Then bacteria and other organism take up nutrients from all dead matters and produce molecules to feed new lives. In order to understand this analogy, "think of the organism as being the industrial process or the set of industrial processes that lead to a particular product or product family and of the ecology being the network of all industrial processes as they may interact with each other and live of each other" [15] . In natural eco-system waste generated is biodegradable and recycled to close the loop, while in industrial system waste generated is non-biodegradable and accumulates and causes problems. In an industrial ecosystem the waste of one industry serves as the raw material of another industry [7] . Industrial ecology promotes cyclic flow of material rather than linear flow of material [16] . Industrial ecology has several environmental and economic advantages. In fact, material used in industry comes from the waste of other industries thus the cost of raw material decreases and waste issues are solved. As waste is viewed as a valuable resource, the cost of waste disposal is minimized. Another advantage is that "niche industries" can start growing and use and/ or sell waste from main industries [7] . This will allow minimizing the waste generated from industries and maximizing the reuse of material and energy. Industrial Ecology; therefore, promotes sustainable industries in a sustainable society [17] .
Eco-Industrial Park
According to the eco-industrial approach, Eco-Industrial Park is the ideal model of an industrial community. In this park any waste is either reused or re-treated to reach cyclic flow of material and ensure sustainable development. Eco-industrial Parks are a direct application of the industrial ecology approach. Many efforts were done to study eco-industrial parks. Indeed, there are a large number of literatures on this subject and several definitions of eco-industrial parks were proposed as summarized in Table 2 . From these definitions, it can be concluded that the aim of EIP is to cluster different industries in one location in order to minimize energy and material waste. Figure 6 illustrates economic, environmental, social government benefits of EIPs.
Many researches indicate that sustainable development of the economy can be promoted via implementation of a successful eco-industrial park [6] [18]- [23] .
Examples of EIPs
The most well-known EIP is Kalundborg in Denmark, which started to develop in 1960. Although it was not designed to be an EIP, it is now a model against which all EIPs are judged. Kalundborg symbiosis compromises of five core participants including Asnaes a power plant, Statoil an oil refinery, Novo Nordisk (a pharmaceutical company), the City of Kalumdborg, and Gyproc (a manufacturer of wallboard). Figure 7 summarizes the partnership sequence of evolution and the material and energy flow in Kanlundborg.
As illustrated in Figure 4 , in Kalundborg different industries feed on each other's waste and transform them into useful products. As explained by Gertler "An eco-industrial park is an industrial system which conserves natural and economic resources; reduces production, material, energy, insurance and treatments costs and liabilities; improves operating efficiency, quality, worker health and public image; and provides opportunities for income generation from use and sale of wasted materials."
[25] [26] "An eco-industrial park is a community of manufacturing and service businesses seeking enhanced environmental and economic performance through collaboration in managing environmental and resources issues including energy, water and materials. By working together, the community of businesses seeks a collective benefit that is greater than the sum of the individual benefits each company would have realized if it optimized its individual interests." [6] [25] [27] "A community of businesses that cooperate with each other and with the local community to efficiently share resources (information, materials, water, energy, infrastructure and natural habitat), leading to economic and environmental quality gains, and equitable enhancement of human resources for the business and local community." [25] "An industrial system of planned materials and energy exchanges that seek to minimize energy and raw materials use, minimize waste, and build sustainable economic, ecological and social relationships." [25] "An eco-industrial park or estate is a community of manufacturing and service businesses located together on a common property… The goal of an EIP is to improve the economic performance of the participating companies while minimizing their environmental impacts. Components of this approach include green design of park infrastructure and plants (new or retrofitted); cleaner production, pollution prevention; energy efficiency; and intercompany partnering. An EIP also seeks benefits for neighboring communities to assure that the net impact of its development is positive." [6] "A selective collection of compatible industrial plants located together in one area (complex) to minimize both environmental impact and industrial production costs. These goals are accomplished by utilizing the waste materials of one plant as the raw materials for another with a minimum of transportation, storage and raw material preparation."
[2] [4] the basis for the Kaludborg system is "creative business sense and deep-seated environmental awareness", and "while the participating companies herald the environmental benefits of the symbiosis, it is economic that drives or thwarts its development" [28] .
Environmentally Balanced Industrial Complex
Similar to the idea of EIPs, Nemerow and Dasgupta introduced the concept of Environmentally Balanced Industrial Complex (EBIC) in 1986 as a method to reach zero pollution. Nemerow defined EBIC to be "a selective collection of compatible industrial plants located together in one area (complex) to minimize Figure 6 . Benefits of EIPs.
both environmental impact and industrial production costs" [4] . Unlike EIPs, the EBIC is an area that is designed to locate compatible industries close to each other. According to Nemerow, EBICs are suitable for large waste consuming and waste producing industries. The goal of this designed complex is to utilize the waste of some industries as the raw material for others; thus minimizing the cost of raw material as well as the cost of transportation, storage, and waste disposal and treatment. It is important to study the physical distance between the chosen industries, the economics of joining the industries as well as degree of compatibility of waste material to be used as raw material before matching the industries.
Several EBICs were investigated and proposed including sugarcane complexes, tannery complexes, textile complexes, pulp and paper mill complexes, fertilizer-cement complexes, fossil fuel power plant complexes, steel mill fertilizer-cement complexes, cement lime, and power plant complexes [4] .
Case Study: Environmentally Balanced Sugar Cane Refinery Complex
The manufacturing process of sugar consists of several steps. bagasse is burnt and used as a source of fuel to the boilers operated at sugar mills. Yet it is not a clean fuel and requires special furnaces to operate efficiently and also requires installation and maintenance of scrubbers to clean emission.
On the other hand, cachaza is disposed of in lagooning or landfilled causing water and land pollution. To make the sugarcane industry sustainable, the production process residues and by-products have to be treated as raw material for other industries instead of being disposed of. Its wastes, residues and by-products should not be burned or disposed of but should be rather treated as raw material for other industries.
Therefore, Nemerow and Dasgupta proposed the development of sugarcane refinery-based environmentally balanced industrial complex shown in Figure 8 .
The core of this complex is an anaerobic digester, which treats the main residues; bagasse and filter cake. The four major products of the complex are: refined sugar, electrical energy, molasses and alcohol (optional), in addition to fermentation mash, digested and filtered sludge, digester gas, and steam [29] [30].
The refinery produces 1000 tons of sugarcane and results in a generation of about 270 tons of bagasse and 34 tons of cachaza.
The proposed refinery has many advantages including [29] : • Steam required in the production is replaced by burning bagasse.
• The remaining bagasse and cachaza waste products are used as feeds for anaerobic digester.
• The anaerobic digester produces around 12,300 m 3 of gas (mainly methane), 36 tons of filter cake and filtrate. Filtrate is re-used in the digester to enhance the digestion process. Figure 8 . Sugarcane refinery-based environmentally balanced industrial complex proposed by nemerow and dasgupta [29] . *Assuming no use of filter cake and marsh residue.
• 325,000,000 kJ (308,000,000 Btu) of steam energy are produced from burning the gas in Boiler No. 2. This steam can then be used in the refinery itself or can be used to produce an estimate of 72,215 kWh of electricity, which can be used in the refinery or sold as a product outside the complex.
• Filter cake mixed with commercial fertilizers is used as fertilizer to replace a portion of the commercial fertilizer needed in the fields to grow the cane.
• Cane can be used to produce alcohol via fermentation process. It is estimated that four pounds of cane can produce one liter of alcohol.
• The residues of alcohol fermentation process can be used as fertilizers in the field. The mash residue from the alcohol fermenter can also be used as supplemental fertilizer for the sugarcane fields, decreasing the amount of commercial fertilizer required to be purchased from outside the complex.
Another sugarcane complex was proposed by El-Haggar [2] to suite Egyptian social and environmental norms as illustrated in Figure 9 . In this complex the bagasse and is mixed with filter cake rich which is rich in fat and wax and used as binding material. The mixture is compressed at high temperature to form density packed briquettes. The resulting briquettes have a calorific value of 15,000 [kJ/kg], which make them suitable to be used as a fuel for boiler [2] . Also the boiling process results into precipitation of ash, which is proposed to be used as fertilizer.
Nakhla and El-Haggar [31] proposed another complex to close the loop of sugarcane industry in Egypt shown in Figure 10 . There are two main open Figure 9 . Sugar cane-briquettes-fertilizer complex proposed by El-Haggar. Figure 10 . Closing the material cycle of the sugarcane industry in Egypt [31] .
systems in the sugarcane industry the sugar harvest and the milling stage. The authors suggested several solutions to close the loop of the these system as follows: 1) produce silage from green tops of sugar harvest, 2) compost from the dry leaves, 3) produce good quality compost or organic fertilizer out of the bagasse in combination with the filter cake/mud, and 4) produce silage out of bagasse.
Status of Egypt
One of the major problems in Egypt is poor industrial hazardous waste management. Most of the industries follow the cradle-to grave approach described earlier and the problem is that these highly polluted wastes are mismanaged. There are no accurate measures of the annual industrial hazardous waste generated in Egypt. However, based on Basel Convention, Country Fact Sheet, Egypt, the total amount of hazardous wastes generated is 200,000 ton/year. Moreover, 6.2 million tons of industrial waste is generated annually [32] . According to El-Haggar, industrial waste is usually either landfilled or incinerated [2] . As ex-plained earlier, these two methods require high capital and running cost. Also if they are not properly managed they could result into serious environmental damages. Additionally, industries generated highly polluted wastewater composed of organic maters, heavy metals, as well as corrosive, toxic and microbial sub- The most important outcome of IISWM project was the waste exchange program. These outcomes were publicized via seminars, workshops and through their EEAA website. However, the waste exchange program was not successful and stopped [34] .
Sustainable industrial practices are in still in the experimental phase in Egypt.
The major problem facing the spread of sustainable industrial concepts can be summarized as follows: 1) lack of reinforcement of laws and regulations related to environment, 2) lack of collaboration, communication and trust between different stakeholders (i.e. different industries, government and society), 3) lack of awareness and information of all stakeholders, indeed they do not see any benefit from networking.
Conclusion
The environmental tragic situation facing the industrial areas, especially in developing countries like Egypt, associated with disposing industrial waste according to cradle-to-grave concept via incineration and/or landfilling cannot be ignored. It is vital to close the loop of flow of material and to stop depletion of natural resources. The solutions to reach zero-pollution in the industrial sector require innovative ideas that apply the concepts of cradle-to-cradle, industrial ecology and/or environmentally balanced industrial complexes. These solutions also need a strong collaboration between environmentalists, industries, and business community, society and policy makers. Indeed, product manufacturers need to develop original techniques that use less material which can be re-used or recycled. The government needs to develop a strong database of all industrial activities in the country and share them with all manufacturers to find innovative solutions to match different industries productions to use each other wastes. These ideas need to be studied by academic institutions and research centers. The government needs to support these concepts by developing and reinforcing strict rules and/or laws that prohibit landfilling and incineration to force manufacturers to implement more novel pollution prevention approaches. It is imperative that the proposed solutions utilize available and obtainable technologies and are compatible with social and environmental norms of each country.
